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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize low current long 
lifetime through heterojunction structure by specifying 
the group III ration of Al between AIGaAs of a p-type 
clad layer and AlInGaP in an n-type clad layer. 
SOLUTION: Electrons injected from an n-type clad layer 
7 into an active layer 3 comprising a 
GalnNAs/AIGalnNAs multiple quantum well are confined 
strongly in the active layer 3 by the energy barrier of a 
conduction band formed by a p-clad layer 2 of Alx1Ga1- 
xAs. On the other hand, holes injected from the p-clad 
layer 2 into the active layer 3 are confined strongly in 
the active layer 3 by the energy barrier of a valence 
band formed by the n-clad layer 7 of Alx2InyGa1-2xyP. 
The group III ratio of Al (the ratio of Al among group III 
elements) in a layer containing Al most among layers 
constituting the p/n clad layers is set at 0.05 or below. 
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A u G e 

H«nic*E»:i-y*>**«L7ttt»T», sates 

5 5 Mm, SBffi©aS£8mA. JSb^O. 3W 
/AT'S«J5HfiLfc. SSfrS8 5'C<D®5fflT*JI 

®t>ofc77'^'J^P-^ffi^OTot±1 8 5KT-£o 

fee 

[0047] 5 0 °C. 10 m\NT*mm&M 

HSfrofctC*. 50 00BSHJM±fcSfc:lM*U + 

[0 0 4 8] 0 3lC^L/cB-B' PI«I^;l/*-A'> 
K©5-fV^-y^SrH4tcSVr. n!&93'y KS7fr 

GalnNAs/AIGalnNAs ^fiS?#F 
fr 5fiE&514B 3 (caxa-tlfcST-tt. A I 0. 05G a 

0.95A sfrsm&pm? KB2iu«fc^e^a)x^. 
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;U=P-|£gAEc1 ($55 10meV) lc<fc y SttS 3 F"9 
KSIKBIiL^a&Sfl*. trfc, pIf77Kl2i)S> 
314^l3lC5iAT**l/i:<fc— Mt- A I 0.05^3 0.45' n 
O.sPfrSfiE^nSJM— Kil7tcJ:Sffim^© 
X*;U^-^MAE V 1 (»680meV) lC*»JS14a 

* y 7©H Uiia&JbH-TrT'fc y » ircB1SB'\ 
yT^iABSKS^Tjftl^l/^-^gtf^Uftl^ 

ctsai^wu bi^bbbb. bi^bbb 

ttT'W U— »f £ u * £ 5 tc ft o tt. 

[0049] *nte&m(Dffimct$^T. n §231-7 7 
v KBI& pffl*7 7 KBirSSISB'sSASftfc*- 

BfcT. B4lcc©nSlB-7-7> KB©»*fc«ttB 
£To<fc©*!fll£5Vr<fc-3i::, nSi- 7 77 KB6>B 
t*>0. 0 2/im<DJf*6^gT'^ofto C 

*i«fc y «£ < ft * £ *-/ wd y -7 cptiuf t lt 

<D$j^tfftt\, nil- *77 KJf ©Jl^tfO. 
2 p mfcS** t fSrmi4SJg#M'J> L&a&aa, n 
g— 75* KB©B*te'J>ft<£<fcO. 2pmfe{F*gT'£ 

"T^A I Ga I n P<Df^a6^K**l^KiP< ft% 
i:attJiTfl!>»»*flt«W)jiSW W"J tft *<Hlp]tf£ 

n-tf*£<ft*£TS3: L<ftL\ 
[0 0 5 0] *BffiJgB4>B&(::£(/>T. Si©A I © 

S£1 : nlJG 

nIG 
nlJG 



niSZ^77 KB 8 
nSS->7-> KB 7 
S14B3 

#j=Jf 4 



pSI^5v KB 2 
□ >-S»7 KS9 
BBBBB 1 0 a 
BBBBB 1 0 b 
BBBBB 1 0 c 

%mmi 1 

nSifS^fiSl 2 
plit@1 3 

»41. 5pmm C4>B?«p£BStft:- 

[0 0 5 4] C©««lC«fcyf«HLfci|i3i*U-tfl4» 
BBK A/2 a-^-f >7**«UfcttB-R SStCfc^ 
T*S1. 3 1pm, B§11^358mA. 2W0. 3 5W 



y>K 

SJ?4 
plG 
pSG 
plJG 
nIG 
plJG 
S i N 
AuG 
Au Z 



/nB*5* KB*«fig-r**B©-5-BT-St>A I £^ 
<tt-IiDAIOI I I Btik ( I I I JJiTcf&Dd-ST-A 
l<D£tt«*Jd) £B7^£<t*£©«B*06jjVr. 
A I © I I I JSitliO. 0 5JiiTT-ft^<tili6)i* / \7 1 

[005 1] c©«lc*ffi«m#tt, *§lB6H5!g<D8if£ 
tSL^CitioT, Ga I nNAsSSBESi^t 
t>SttBtc»LT» ;£A*ttfc**y7'©^U&«>;b , H- 
»tft'J> 6^S1iM'\©^^y7'0D>±Amc^ftx 

*;u*-pm#sfei:ft<ft*ct*«/i:t=ii^mu se 

-sa49tt7a>U-1fftBtf£i:«J:3(cfto^. 
&HCDAIOI I I Bit«— £ttUT(cr«C^:(cJ:9 

T»6aa^\yo«Bi<«wBT*, «t^BBBaL 
aw. +7jft^?s^?#en5«fc5tcftofc 0 
[00 52] (Hfitsomsi 3 ) E 9 ti*snB©s=siai 

y . B?Affi4)B£tf tofr v Wl^ 5 ic b— ytUM 
ffi^lRjA^mfcBrffiEtftoTUS. «E3fc©t,<Dti314 

L**«HE»U *BJBBB©i»i»ttU— tTTtt, PS27 
77 KBfcttG aAs, ni^77 KBlCttG a I n P 
tGa As©2l4U nSl^7 7 KBtgttB t©IBI 
ICG a I n PBSBA/Tt^jStftieXOfcOJiAftS. 
H9©£SJa>BBSL BBfcStttTSVT**© 
<fc5lcft^<, 
[0 0 5 3] 

aAs, jlJP 100pm 
aAs, MW- 1 • 5pm 
a I n P, MW-0. 1pm 
T^ftF (A = 1. 3 1 pm) 
-7"Ga InNAs (1. 3 5pmJSflfiE) , 
n m, + 1 . 5 %ffJSM 
-7*Ga InNAs (1. 0 5 pm$§j£) . 
0 n m, MM 
aAs, Mf¥ 1pm 
aAs, MM 1 p m 
a I n P, HP 1 pm 
a I n P, ISO. 7 pm 
a I n P, Jf JP1 pm 
x. 110. 3 pm 
e 
n 

/A-ttEBBBLfc. SBfr68 StoeBT'O 

T0li1 75 KT-$7ft. 

[0 0 5 5] C©Jg?S8 5t, 1 OmWT-IBarr^c: 
tl=J:y«BtttIB*ff7fcfcC^ 5 000B$P^1X± 
SSlcib^L, 31HB«Himw*U— WHOM: LTBL*« 

©ic+Tjft^ti^stirc. ituo^icseiRo.t-ptcp 
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/r\W<7-?v KS^-A I o. 3Gao. 7A s T s ^fi£i"tlfct»© 
iCttLTSWi^^PfaSg^KLTt.. 1 000B5 

KJI£A I 0.3G a 0.7 A s T-^fiE*tl/ct.©lcS>tLT 
'J ->*SW>^35i* ^tgjgfcfESt 5 £ mi«3K 3 0mA 

n?m&t>&9*'s : r nmotgsis&zffi&L Lttmmmma 

[0 0 5 6] UTRC* ^HffiJBSItcfctt^ffltja^lc 

[0 0 5 7] E9lC^L7hC-C' H0>X*jU:?-/t> 
K©7-f>ty7^Hl OlC^to Ga I nPfrSfiES 
nSM- KJS7£iILT, Ga I nNAsfrSffi 
^SttJf 3 (C;iA**l7cm? It. G a A s SEES p 

K^2^J;5e^©x^.;U4 J -KMAE c 1 lc 
J:ySttJi3F*3lt!S<HU;a ! »6ftS. $rc, G a A s 
^S^pS^^y KJl2frSs Ga I nNAsASS 
3 tc>±A*n/c*-;U±. I n G a P 5fi£* 
!-7 57 K^7lcj:?,<l^?^Ox^U^-Plif 



AEv1lc«tyS1±^3F | gli:3i<g|i:a ! 466n5„ * 

[0058] zomizxmmwmit, nmm'tmomm 

ni^77 KJf 7 
£JIK1 5 



3&JI3 
KillS 5 



112 0 nm, 
: pIG a A s, 
: pIG a A s, 
: pSGaAs, 
: nIG a A s , 
: pSJG a A s, 
: A u G e 
: A u Z n 

«*» W«J»i«tt&*'\x P^itT'S y s Sit®©® 
[0 0 6 2] CO«fiElC«fcyf^SLfc¥»*U— tfli. 



p§a^5-> KB 2 
=l>£? KJf 9 
1 0 a 
1 0 b 

ffiaffitt^B 1 0 c 
nSUSOSl 2 

:ai 3 



fcEl^CfclCfcoTs Ga I n N A sfrSfiE^SttB 

*«WWM» Sft * <fc 3 fcft o 7c. 
[0 0 5 9] *£2&gffi0>ttlJ£fc£^T« "7^> 

KJTOMMNC I I IffletbtiO. 0 5JWTST*<0A I T* 

[0 0 6 0] (HBfiOfBSl4) 0 1 1 li*WB4>SQ* 
y. »«M>*iBtffcii»y*T^J:3lEU-- •fttflMI 

IS«Gp/nS^77 KJIjEMrI— fiM#R (A I G a A 
sSfctt I n G a P) T*«fig*tlT^T^S<DtCj*Ls 

A I CSAflsLTt^ftt^G a A s S« nlf 

FJf<t314Jf tOHKG a AsiDlI^Ga A s N 
©SffitfasicSB* *ifc*JWHJ6*IW*T p/ n tm 
m£l£^T^Z>*tfi£9kV> l i,(D£mrj;Z>« 01 1 <D&£f5 

[0 0 6 1] 

nIG a A s, Jf J1 1 00pm 
nIG a A s. Jf JI1 . 5 pm 
nSJG a A s (J1JP1 0 nm) 
nIGaAsN (116nm. - 1 %3I3I^) 

— MS^WF (A = 1. 3 1pm) 
/>K-7*Ga I n N A s (1. 3 5pm$ifi£) . 
Jf J? 7 n m, + 1 . 5 %ffiH^ 
/>K-7Ga InNAs (1. 0 5pmM) . 

ii?8nm, mm 

/>K-7Ga InNAs (1. OSAimifcifiE) . 
MM. 

jfj?1 pm 
J1J11 Mm 
MM 1 pm 
f§&0. 7 pm 
Bill pm 



Tififtl. 3 1pm, Hffi83R7mA, Sfi^O. 3 3W 
TOttl 6 5 KT*2aofc„ 
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[0 0 6 3] C©|gf*8S 0 C, 1 OrnVVT'lBlft-r^il 

tiz£.v <uittBC«*??-3 tctzz. 5000 tmvt± 

/nffi?-5y KJI^A IcsGao^AsT'^fiES-tlfc^ 
©icS-tLTa^ii^^n^ji^SiLTt.. 1000 

5 y KB£ A I o. 3G a o. 7 A s T*gj£7* - ft7= i t<ZHC$f L 

t u v ^stossKSPMftifiemr a t mMaE 3 0 m 

AW±i:^*<T^«^7D6^i|Btciii)nLfc±, 

[0 0 6 4] wtic. *nmmmc£>tfz>ftmtthmiz 

[0 0 6 5] 01 1 IC^LTcD-D' fflflDX*;!/*-/* 
>K07-r>t-y7'^1 21C^-T. GaAsfrSEE* 
nSMS— KJ17frS. #JI©1 5£iILTGa I 
n N A s *#^Stt-^gtt@ 3 IcStA* ftfclTfli. 
Ga AsfrZmZpMO^'y F^ZlCfe^e^OX^. 
i^-RlAEc HC e fc»Jigi4Ji3rtlc3i<KCii466 
ft*. £7c. GaAsASl5pI977KI2fr6> 
G a I n N A s Sf£*;SttJf 3 lc-3A*ftfc*-;U 

GaAstGaAsNib^^III 5li:J:51 
m?w<Dl*;U*-p§lt A E v 1 K<fc »J SttJf 3 F*gK3£ 
< SUiiA&Sft*, 

[0 0 6 6] M-Se*0lJtC^.6tlfcJ:5^^^-> 
KS i: SttJl £«>H(<:;gL*x* j l/=P-X/\V * £ C* 

*>ft*. Cftli. Ga AslCN^S B B B <bLfc5l-p§IUS 
G a A s N Tlix NtDSJlfbKff oTx*jl/=r-M*y K 
©#—f V-9"lCcfc y G a A s iztt LTffiW¥&<DJL*>\, 

3<tn§y?5-y Kif 7 <h©Piaic3lo3iyMG a A 

SI* ^ -y KJf 7 ^-/l/ff y - V?2>(D%:i&MT2> ZL £ 
tfT'Z. ^Onl^77 KI7i)^SttI3MOS?<0 

[0 0 6 7] $fc§lo3§y^GaAsN©ge»li. 3lo 
lUIGa I nNAsT'$oTUt\ C©«U:*ffi3l 
H8#li. *HS6m^©mfiE ; &ffif'?)C:<tlc<feoT. Ga 

7©F,g £&#>&+&£ Ts. y , froJ£1£Jf\©* * 'J 7© 



[0 0 6 8] Sfc, A I tMftl'««ffi?SM#ilt 

KlMW*. -H7fcfg?#tftff*§8ft*£3U:fc 
ofcc mfl»1. 2, 3©<fe3lCVSi7t;S<t 

LTPStti*ll^i:<!:6^<, VSETcjRtfUiLS 

c tic £seAa£4>Bttdr scskbtsc t&z-z 

[0 0 6 9] fcC«, *HffiJKSlT't±x nI^77K 
W*» *©±lc£EllHE**-rSGa I nNAs#FJ!4 
tiGalnNA s#Pl?SJift LTJ1^34te« 

*ot*ie3I y b««t «ji*jbi*« t SttB©s8 

3WW#2 01«!flLh*T*c£tft>fr-3fc. 3lo»y 

ttHft. RSKJVOEEtBStfT^U: J: oTffiSJ ft* C t 
lc<feoTt>*tlt^S-ftS. C©«fc-3lc. 
tfnlT'fe'J, EI8£«*-r«Ga I nNAsM#P 

T*6tLTt5f3©3lo3§yB**-r*G a A sN^feli 
G a I n N A s fi£'>&< it, 1 flte&4>ira«ttl*« 

SttS^<7)*+y7 , <Dg@L:5i46J8!i^©fteic 
*c<bffjivaji-ftfc„ 

[0 0 7 0] *&tt&tta>Wrt(c£(. v ?. 
KH*<DSJBK I I ISlibtiO. 0 5WTJTOA I T' 
SfttfSAfb LTfeHMIffft^ C £ imfaBm 2 

[0071] mmo&m 5)013 ti^^B^omsn 

®*lRjfrSj|fc»rffiiai:£oT^3. 
S£»t» p/n W?^y KJBtfH— ®**» (A I G a A 
s$fc«l nGa P) T'Mmp/n^tS^T 
l^«4H=**U *HB6JRH©¥«i*U-tfT'tt. p/n 
KBICA I SSSfbLTt^fG a AsSBl^ 

a A s NOIS^ G a I n N A s <D*f Btf &5lcfM£ 

ftfc^B^jg^igtTT p/nmmt&vTM&ifm. 
*o)*><r>tmr**o ei 3<D#gp©#ms. m mm 

£ $ <k 46T^-r £ 'AO <fc 5 ICS: 
[0 0 7 2] 



S*§1 : nMGaAs, 111 OO^itn 

nl^77K17 :nlGaAs, Sprn 
S14H3 : XS«?#F (A = 1 . 3 1 Aim) 

ni*VK16b :y>F-7GaAsN (SJISnm, - 1 %§I5I^ 
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) t. 



5 n m. 



/>K-7*Ga InNAs (1. 2Aimjfij3t. BJI 



#FB4 



mm® s 



pmtM KB 6 a 



pS^^'V KB 2 
=J>*-5> KB9 
miftS^Ji 1 0 a 
1 0 b 

assays i o c 

ngJjaBUl 2 
pSfSlHSI 3 : AuZn 

tel. Opm-tUTc. £fc. d<Df!i?*p£!afiitffc- 

[0073] £©«#K<fcy{tiSLfc¥^<*u-+ni. 
Affile x/2 zj-r-f >^**Lfctt«Ts aaicasc 

T-M1. 3 1 /im. KI«6mA. JSb^O. 3 8W 
T0li1 80KT'^ofc. 

[0074] C©g?iF*8 5°C. 10mWT'iit5i: 

£te«fc»JfIfS14iI»*fTofc£c:5, 5 0 00B$F^«± 

/ni^7'y KB* A I o. 3G a o. 7A s TtSfiKS+lfcfc 
a>(CttLTW6&^?atttt*fmLTfe. 10 00 

Tfflt^<DtC^+»T'«ofc. $fc, S£3R4)p/nffi? 
77 KB* A I o.3Gao.7A sT'*SfiKi-tlfct©tC«L 

x u y s^BM)«9BimfBi*frair*&nnsK 3 0 m 

■MtttffStl&tfofc. C<DC£tfS, AI*#£&1^ 
iii^tf &*©*§itl;:*J LTlSIftKfSnT^* d 1 tf 5itf 

[0075] arte* *mffimmiz*>ifz>ttmttomi: 

[0076] E13(C^LfcE-E' P^£DX^.;U^-/^ 

nIl-^7'yK!76S, Ga I nNAs^pfi 
•T^TSttBSUaA^tircm^i. GaAstfSf£5p 
MV^v KB2lt < k«e^0DX^.;l/4 i -©SAE c 1 
lu t fc»JSttB3«lc5i<gaL:jii*6n5« > STc. G a A 
s tferitepSJ-J^-J/ KB2tf6>, Ga I nNAsfiS 
fig*SttS3lc>iA*txfc*-;Ui. GaAsN£Ga 



&*&£IC4"C7 
/>F-7Ga InNAs 
MM 7 n m, +1 
/>K-7Ga InNAs 
BH 7 n m, MM 
y>K-7"Ga InNAs 
BJP4 0 nm, MM 
pWG a A s, BJ¥1 
p^G a A s, 
pSJG a A s, 
nUG a A s, 
pMG a A s , 
A u G e 



(1 



(1 



(1 



mm 1 fjm 
mmi M m 

BJP0. 7pm 

mm"\ M m 



3 5/jm|§j£) 
0 5 pmSlfiE) 
0 5pmjafi£) 



InNAs tf 6fiE5 nfiij^-r KB 6 b lc«fe US14B 3 tf 
6nl^77 KB7'\3i*iaJ5c:£l;i:£l\ > $7c. M^: 

se^j^a enfcc*: 5 fc? ^ * kb t >si4B £ ©f^ks 

t^x^yU=r-X/ U V tf £ U 5 Z. £ (*£ < s SI&fMD 

[0 0 7 7] C*Ui, Ga AstCN*SafkLfc3lo§i 
U^G a A s NT'ti. NOSAfbKtt ?Tl*il/*-V? 
> — f>?tcJ: »J G a A s fcfct LTffiS?- 3?©x 
*;u=P-«. e»*«!>x*JU=P-JiB*ttEffix*ju*-<ll!l 
^J<->7hnci:<)S> 5S14B3 (t ni^77 K 
B 7 (hWfsilclloSitJilG a A s N *^t?£B8f *&tr 
JliilCatoT, SiiB3^6nlJ-j7 5-y KB7^\*-;I/ 
tf 'J — ^-T ZOZfetfi? 5C <!: T-^x tf o n "J 
KB 7 tf 65§t4B 3 'V7)^?©;iA*afitf fcl^tlifiE <h& 

[0 0 7 8] 3lo3§t>£IGa A s NODgMtti, 51 

oSSU^Ga I n N A sT'SoTtitS $7c, 3lo3f 
»J^G a A s N i^Zi: LT^BlcaS-rsWiSli. ± 
IBGJffilT'ttte^il^G a I nNAst Lfctf* ffifit^G 
a I nNAsT'SoTtJ:^ 

[0079] z<Dmiz*mmw%a. ^mmmoymm 

^t^diilCcfcoTv Ga I n N A stfSfiK-SSttB 

U . tf oiittB's©* v 'J 7'<0>±Aim;:sfe7*&x*/u^ 
-ISMtf £ < &5*g/5Etf #8+15 Z t *frfclc^^ 

BJ^iSS^IiT'^U-tf^tf^L^at^tcSo 
fc„ ^Btf6^5nfflW-r KB 6 bli, ^77 F 

B2, 7*t8fiTr5Ga A s *tlt,SJ/f^tfiS<«:5*} 
»T'«fiE5-tiT^5^ C(0^BS*S1iBrtlciS^5 
C tlc<fcoT±5E©*-;l/(7)«J — 9*RS<'aSt^lC7t 
*f-f K<D2&mt3M35c:<»:tfT'£5. Al^ta* 
^L^*^^T'^StftSfi£*nTt^5^^cS4!)>i^'^7 1 □ 
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[0 0 80] i:5T*, *§gflSft5!gZHi, nI^77K 
@7©±(c3lo5St)^W-r*»il^t»^JiS^ K 
/16b£ISt:J\ *(D±ICEEXBB.*HT SGa InNAs 

ffiM^ff-T^Ga I nNAs«pI4^iLTffl^ 

temomymmi* 2 0 %igg±#i-r s c t ofc. 

n E85«4rr«Ga InNAs 

SttJf ©Tifc£ LTMfS©3lo3§ym*WTSG a A s 
N £fctiG a I n N A s Jf < £*> 1 B^tJ^HJi 

[00 8 1] *mffiBm<Dffif$,lZtS^T. 

pmm<D&mic\ i isiiti±o. o sixt^twa i t 

[0 0 8 2] ±B©^T©SMHBW=fc^T» L^-T+lt. 
^51. 3Mm$fctt1. 5 5 31±Jf(iA;l/ 

ttftl&KLfctf. *3SIEteG a I n N A s £^Cr3t£Jf 

**r*a«i. 2~i. 6fimTi/- tfsjs-rs*^ 
*f^BT-afetitf, ttsosss&g. fastis 

tHSLi^ y ys?«r-r ram. mmxtnammzm 

[0 0 8 3] Sfcx d*X*T©fB5E©+T' r±j tfHL 
fc t,<D«»1g6^ SI6n^^(R)(t^ S C t *7fi LTfc y , 

E3£*-fc!\ £T4>fllJ£*±~FifiKLT«.J:i\. 

[0 0 8 4] *mw<z>m'&*ttmr2>&<z>mikf8.m;<z>y5 

[0 0 8 5] Ztc. U-tf^©^tbl44SBtoaiS^ 



n— 5 ; <>-5f«i»<t:^©mfi£^tcMLT±!BIIBS 
[0 0 8 6] SrSlC* *»^«D¥5P(*U— yt*±T^6 

c t*>pjmT*&zz. tits? $t**>&ia, 

[0 0 8 7] 

[0 0 8 8] sS^3lC|B£E*nfc*^«D¥#i*U- 

v&wiz ctn^ WiRJS i ~ 2 fof^E • jas^ j: y as 

[0 0 8 9] SiR3S4tCta5E*nf ; :*^©^(*U- 

tca^-r^ci^T'^^citft^. ff^Ji2~3^ffl 

[0 0 9 0] fi3?^5lCiB3?*nfi:*^©^i*U- 
[009 1] »3?J16lC|Ba2E*nfc*^<D^®i*U- 

+f^sic cttiif v mmm i ~ s avem • as^J; y as 

So 

[0 0 9 2] »^7lC|B£E*tlfc*S^^<*U- 

oTfi^iMwai • at^wttsifir-pou— 

*SIC X *S6^A I 06^«^T«JtlT 

[0093] If 8 . 9 tCfB2E*tlf=*^©4i«<* 
U-tfgStc<fcmf. M«qi7®^ • SMC J: USUI 

[0 0 9 4] n^qii Otc|BjS*tlfc*l6W0!)¥3M*U 
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[0 0 9 5] M&mi 1 tCfBS*tlfc*^©^<*U 
[0 0 9 6] MUX 1 2 fciB&**l**»B.8©¥iSi*U 

— vmwiz <tfttf, it^7 ~ 1 1 cmm • asm** y 

[0 0 9 7] mSQ*y 3tC|ffiS**lfe*»H©¥«H*U 
*tl«» a«H7 ~ 1 2 ©f^ffl • U 
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